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Abstract
The direct evaporating heat pumps represent an eco-sustainable alternative solution for conventional energetic
systems. These heat pumps are highlighted by a high yield/costs ratio, friendly ergonomic and maintenance, and also by
non-polluting functioning. The use of direct evaporating heat pump reduces the greenhouse gases (GHG) emissions and
saves natural non-renewable resources. The results of using the direct evaporating heat pump show a higher efficiency
in comparison with other heat pump types as well as with other thermal energetic sources with conventional
fuels consumption. The direct evaporating heat pumps have a very high COP (coefficient of performance), high
reliability and a necessary of less terrain surface than other similar systems.
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1.Introduction
Heat pumps are an alternative solution to
classic thermal energy systems and at the same time
a means for increasing the renewable energy usage.
The heat pumps also constitute means of sustaining
the European directives and regulations provisions
regarding the purposes for renewable energy
consumption [6]. Subsoil is an important geothermal
energy provider and according to Directive
2009/28/EC it represents a non-fossil energy source
which may be used by the heat pumps in order to
provide the eco-sustainable energy.
Although the soil surface undergoes some
temperature variations due to external factors
(insolation, precipitations, air temperature, soil
features) which may cause up to 10 m depth effects
[4] the subsurface heating is maintained by the Earth
inside heat which is much stronger.
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In this way, ground energy for heat pumps is
not affected [1]. The heat pump is a device able to
collect the environmental energy, amplifying it and
sending it to a thermal consumer. In this context, the
environmental energy means the capacity of some
factors as: water, air, soil, to store and send
periodically or continuously during the year, their
energy to some technical elements which in their
turn provide the energy to the heat pump. The most
used heat pumps are those with bivalent or
independent functionality. The air-water pumps and
air-air pumps work bivalent and soil-water pumps,
water-water pumps, water-air pumps and soil-air
pumps work independently. The first term refers to
the energy source and the latter one to the energy
receiver. From these pumps the soil-water pumps
are the most used.
The direct evaporating heat pump is one of
these and it is distinguished by the most simply
functionality and exploration and also by the most
secure and cheap maintenance.
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Each EU member state should promote and
support the energy efficiency and renewable energy.
This can be achieved through awareness of energy
consuming systems using renewable energy and by
applying various schemes and support measures
(tab. 1) [6].
Table 1. Concepts and measures related to enhance the global usage of renewable energy systems
Means and measures Effects
 The development and implement of specific
laws and regulations on renewable energy (heat
pumps) and the involvement of competent
authorities for implementation;
 Strengthening the legal and institutional framework for
the promotion and implementation of renewable energy
usage
 Large scale dissemination of information on
efficiency heat pumps, development of
educational programs and public awareness;
 Enhancing and developing knowledge on the importance
of using heat pumps as an eco-efficient and sustainable
energy solution
  Market development for presentation and sale
of heat pumps
 Better accessibility of public in purchasing heat pumps
and higher possibility of choosing the most suitable pump
type in accordance to their needs
 The encouragement of renewable energy end
users through various procedures: tax relief,
annual tax relief, financial support through
various funding programs etc.
 Enhancing and encouraging the use of equipment using
renewable energy
 Application of effective and professional
training programs for technicians who install the
renewable energy equipment (heat pumps);
 Increasing and strengthening of the professionalism of
installation and maintenance services for equipment using
renewable energy (heat pumps)
 Labeling and quality assurance of the facilities
using renewable energy;
 Increasing the purchaser/user confidence in quality
standards which underlay the equipment manufacturing
with renewable energy consumption
2. Characteristics and functioning principles of
the direct evaporating heat pumps
Direct evaporating heat pumps as well as
other ground source heat pumps have the advantage,
towards other types of heat pumps (e.g. air-to-air,
air-water pumps) to not depend on fluctuations in
weather or solar radiation [1].
Remarkable characteristics of direct
evaporating heat pumps:
 Reliable technology that has been proven in
thousands of copies;
 The best ratio quality-price;
 Simple installation and low operating costs;
 Maximum of efficiency, with COP up to
5.7)
 Ecological 100%;
 Cheap periodical maintenance;
 Lowest energy consumption relative to
other heat pumps;
 The highest CO2 emissions reduction
potential;
 The longest term of lifecycle
To capture heat, the direct evaporating heat
pump has a copper or steel pipe system which is
buried in a sand layer at a depth of 1.2 m. These
tubes are collected in a pump dispenser and attached
to the heat pump.
The electro-compressor from the heat pump
injects the refrigerant directly and does not need
another source like other heat pumps (fig. 1). The
electro compressor (1) changes the Freon in gas
state at pressures of 15 - 35 bar in a condenser (2)
(plate heat exchanger) (figs. 1 - 2). In this way a
large amount of heat is given to the thermal agent
changing its aggregation state from gas into gas-
liquid. This passes through an expansion valve
which has the role to break the high pressure and
expand it to lower pressures of 5 - 7 bar. In this
process, the refrigerant continues to be injected into
the ground at low temperatures in liquid-gas state
continuing to get warmer due to directly heat
transfer from the ground through pipes (copper) (6).
In this way it changes its aggregate state of
the liquid-gas in gaseous state reaching the electro
compressor (1) head only in gaseous state after that
the Freon in gas state is taken by absorption and
recompressed and so the cycle may be resumed (fig.
1). The functioning of heat pump is based on a
physics principle (the second principle of
thermodynamics) according to "heat can never pass
itself from a body of lower temperature to a higher
temperature one" (Clausius enouncement) [3].
So it occurs through gas compression process
which results in heating it. The gas cooling will be
achieved through the application of decompression
and so the circuit resumes (fig. 2).
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The considered heat pump is functioning
with ecological Freon (eg: R 410a) or ammonia,
which is a zero ozone depleting substance [7].
These coolants have relatively low evaporating
temperatures, eg 0-35 0C [2]. The used quantities
vary depending on the heat pump type and the depth
of the buried pipe system.
All phases through the refrigerant passes are
strictly supervised by an electronic processor which
is designed to ensure the effectively and safely heat
transfer to the thermal agent thus achieving a COP
of over 5 (5.6).
The COP is the ratio of heat generated and the
heat involved in the process [2].
energyelectricalengaged
energythermalobtainedCOP 
(1)
As seen above COP values of direct evaporating
heat pumps is higher than that of other heat pumps
whose COP is: 1.5 to 3.9 for air-to-air heat pump, 2.0 to
4.0 for water to air heat pumps, respectively from 3.0 to
5.0 for water-to-water heat pumps [2].
Figure 1. The sketch of a heat pump with direct evaporation with horizontal manifold [12]
Figure 2. Functioning principle of a ground source heat pump with horizontal manifold [12]
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The measure for the efficiency of a heat pump
system is the Seasonal Performance Factor (SPF),
which is the average Coefficient of Performance
(COP) in a given plant over a year or a
heating/cooling season [4]:
inputpowerelectric
heatusefulSPF 
(2)
The ground source heat pumps and especially
the direct evaporating heat pumps offer the best
conditions for achieving a high SPF.
Due to very low maintenance costs, this energy
system is widely used for residential buildings up to
500 square meters situated on an enough terrain for
allowing burial injection system.
3.Cost-effectiveness characteristics of direct
evaporating heat pumps
The performance of heat pumps is given by
the coefficient of performance (COP). This COP
depends on the heat pump type and varies between
5.1 and 5.7 (tab. 2). These values indicate a high
energy performance of the direct evaporating heat
pumps [11].
Table 2. Performance data for direct evaporating heat pump [11]
Heat pump-type HP05E-
WEB
HP07E-
WEB
HP08E-
WEB
HP10E-
WEB
HP12E-
WEB
HP16E-
WEB
HP20E-
WEB
HP28E-
WEB
Max. heat outlet
temperature 60
0C*
Heating
capacity
[kW]
6.8 7.7 9.5 12.1 16.0 19.8 25.8 34.4E4W35according to
EN255/Δ10K COP 5.7 5.7 5.7 5.6 5.6 5.6 5.4 5.4
Heating
capacity
[kW]
6.4 7.2 8.9 11.4 15.0 18.6 24.2 32.2E4W35 toEN15879-
1/Δ5K COP 5.4 5.4 5.4 5.3 5.3 5.3 5.1 5.1
* it is specified function of compressor
By applying an electronic control, the
compressor speed can be modulated function on
necessary of temperature so that heating costs will
be reduced considerably (tab. 3). Using stepless
modulating technology the heat pumps are able with
very high efficiency to automatically adjust the
buildings heating demand.
In this way the increasing performance can
conduct to heating cost savings to up to 20%
[13].
Table 3. Performance data for direct evaporating heat pump by modulation [10]
Heat pump-type HP08E-M-WEB
HP12E-M-
WEB
HP20E-M-
WEB
Max. heat outlet temperature 60 0C*
Heating capacity [kW] 4.6-12.5 4.5-16.0 6.6-23.2E4W35 according to EN255/Δ10K COP 5.8-6.3 5.6-6.1 5.4-6.0
Heating capacity [kW] 4.4-11.7 4.4-11.7 6.2-21.8E4W35 to EN15879-1/Δ5K
COP 5.5-6.1 5.3-5.9 5.1-5.8
To highlight the characteristics of cost-
efficiency of a direct evaporating heat pump some
simulations were performed for the situation of
using of such a pump in a residential building. In
this respect the costs regarding the approaching of
heating and heat water were presented
comparatively for a direct evaporating heat pump
and other equipment (figs. 4 - 7). The data plotted in
the graphs indicate a lower cost effectiveness ratio
in the use of direct evaporating heat pump. The
plotted simulations have taken into account the
average costs in euro for certain types of equipment,
of heat and hot water providing. Comparisons made
between installations using the same type of energy
(e.g. electricity) have obvious relevance. But for the
other types of equipment with different energy
consumptions this comparison can have an
uncertainty in the medium and long term.
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If the comparison is based on the cost-
efficiency heat pumps, it is obvious that direct
evaporating heat pump is the most attractive in
terms of cost-effectiveness (figs. 3 - 6).
Figure. 3 Comparative costs (euro/year) of energy provided by various equipment for
heating and hot water supplying for a building with an area of 150 sqm area, 4
inhabitants, and 9 kW heat requirement
Figure 4. Comparative costs (euro/year) of energy provided by various equipment for
heating and hot water supplying for a building with an area of 250 sqm area, 6
inhabitants, and 16 kW heat requirement
SIMCAL Irina et al./ProEnvironment 6(2013) 531 - 538
536
Figure 5. Comparative costs (euro/year) of energy provided by various equipment for
heating and hot water supplying for a building with an area of 500 sqm area, 6
inhabitants, and 28 kW heat requirement
Figure 6. Comparative costs (euro/year) of energy provided by various equipment for
heating and hot water supplying for a building with an area of 3000 sqm area,50
inhabitants, and 180 kW heat requirement
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4.Eco-sustainably of ground source heat pumps
Regarding the greenhouse gas emissions,
ground heat pumps are considered to be not
responsible for this. However they use electricity for
activate the electro compressor. As the COP is
really high for heat pumps the electricity
contribution is very low. Moreover, the GHG are
emitted by the electricity production plant and not
by the heat pump. To solve this issue the electricity
required by heat pumps should be provided by
photovoltaic panels or other devices based on
renewable energy.
The European Council has adopted as target
to reach a share of renewable energy use of 20% of
all energy consumption by 2020 [6].
According to Directive 2009/28/EC [6], the
amount of geothermal energy (renewable energy)
ERES captured by the heat pump is calculated usingthe following algorithm:
 SPFusableRES QE 11
(3)
where,
Qusable – the estimated total heat emitted bythe heat pump with a SPF>1.15 x 1/ ƞ;
SPF –the estimated average seasonal
performance factor for heat pump;
ƞ - the ratio between total gross production
of electricity and primary energy consumption for
electricity generation
This ratio is calculated as an average at EU
level based on Eurostat data [10].
According to EHPA [8], the heat pumps
installed in 2009 in Europe (for EU-9 area) provided
a total of 6.83 TWh of renewable thermal energy
(tab. 4). That means these heat pumps installed 2094
mio 25.96 TWh of Renewable Energy contributed to
the overall final energy for heating [8].
Table 4. Renewable energy provided by heat pumps in 2009 (TWh) [8]
Year Austria Finland France Germany Italy Norway Sweden Switzerland UK Total
TWh
2009 0.25 0.30 2.25 1.11 0.55 0.42 1.32 0.40 0.23 25.96
According to Eurostat data [10], in the last
decade the energy imports to EU increased so that in
2004 more than 50% of the energy used in Europe
was imported.
Since 2002 up to now the share of renewable
energy in total consumption energy rose to about
10%.
Geothermal energy use in 2010 was 30% of
total renewable energy consumption in the EU.
If in 1990 the final energy consumption in
households was about 26%, in 2010 it reached 27%.
This consumption has decreased in the industrial
sector and an increase in services and transport [10].
In accordance with the report ”Our vision
2020” of the European Heat Pump Association
(EHPA) [9], the expectations regarding the heat
pumps contribution to reach up to 2020 the
ambitious EU energy goals are really high (tab. 5).
Table 5. Contribution potential of heat pumps to EU energy goals
(http://www.ehpa.org/fileadmin/red/downloads/EHPA_action_plan.pdf) [5]
EU energy targets for
2020
EU target Change required to
reach target
Potential contribution
by heat pumps
As a share of the
EU target
Primary energy
consumption Reduction by 20% 4.385 TWh 902 TWh 20.6%
Renewable energy
production
Contribution of 20%
by RES 3.508 TWh 774 TWh 22%
Greenhouse gas
emissions Reduction by 20% 1.073 Mto 230 Mto 21.5%
According EHPA, 2008 by widely replacing
the heating systems using gas, oil and electricity
with heat pumps a major contribution would be
brought to primary energy savings, increasing of
renewable energy use and greenhouse gas emissions
(GHG) reductions.
It is estimated that since 2008 more than 70
million heat pumps to be installed in Europe.
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This will lead to a reduction in final energy
consumption of 902 TWh, would produce about 774
TWh of renewable energy and reduce approx. 230
Mto greenhouse gas (GHG) (tab.5) [5]. Marketing
data show that more than 4.5 million heat pumps
have been sold in Europe since 2005 to 2011. It
saves 43.95 TWh of final energy and 18.44 TWh of
primary energy. These heat pumps produce 34.89
TWh of renewable energy and are responsible for
the abatement of 8.13 Mt of Greenhouse gas
emissions [9].
5. Conclusions
Under present circumstances when the
increasing of greenhouse gas emissions enhances
the global warming the necessity of proper solutions
is very acute. In this respect the energy producing
from renewable energy represent a remarkable
alternative to those energy sources with a high
greenhouse gases emissions potential. By using heat
pumps an important contribution to preserve natural
resources is approached.
In this context, from all energy providers
which use renewable energy, the heat pumps and
especially the direct evaporating heat pumps are the
most adequate. They are characterized by a low ratio
cost effectiveness and a high coefficient of
performance (COP) which makes them the ideal
choice both for the energy supply and for
environmental protection.
The heat pumps, among other energy producers
using renewable energy, are considered the major
mean to reach the energy targets provided by
European policies regarding the encouraging of
renewable energy use and enhance the energy
efficiency.
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